A new XAFS beamline NW10A using bending magnet radiation from 6.5 GeV PF-AR has been constructed. NW10A consists of a Si(311) double crystal monochromator and a Pt-coated bent cylindrical focusing mirror and provides focused X-ray beam between 8 and 42 keV. The obtained flux through a 1mm square slit is 1×10 10 ph/s at 20 keV and 7×10 9 ph/s at 30keV, which are 20 and 200 times more intense than obtained at BL-10B. Platinum K-edges do not degrade the quality of XAFS spectra when higher orders are properly reduced. High quality Ce K-edge XAFS spectra are easily obtained.
INTRODUCTION
XAFS has become one of the standard tools for structural and electronic state analysis. The Photon Factory supports five beamlines for XAFS in the hard X-ray region, which cover between 2.2 and 33 keV by using bending radiation from the 2.5 GeV Photon Factory storage ring. There are several beamlines that cover the energy region below 20 keV and a focused beam of 10 10 ph/s or more is provided in these beamlines: BL-7C, 9A, 9C and 12C. On the other hand, the higher energy region above 20 keV is mainly supported by BL-10B that has been in operation since 1982. Since there were no focusing systems in the beamline and the critical energy of the 2.5 GeV ring is limited to 4 keV, the flux above the 20 keV region is limited to less than 10 9 ph/s. A new XAFS beamline NW10A that supports a higher energy region, e.g., 8 -42 keV, has been constructed.
Since it uses the bending magnet radiation from the 6.5 GeV PF-AR and a focusing mirror, much higher flux within a smaller area is achieved. Also quick XAFS experiments can be realized on this beamline.
BEAMLINE OPTICS
The X-ray source is a bending magnet NW11 in the 6.5 GeV PF-AR (Photon Factory Advanced Ring for Pulse X-rays). The beam port is attached to the neighboring bending magnet NW10, thus named as NW10A. Although the emittance of PF-AR is rather large, 285 nm-rad, the critical energy of the bending magnets is 26.3 keV, which is well suited for the experiments using hard X-rays. A front-end mask placed in the storage ring tunnel limits the horizontal beam divergence to ca. 1.2 mrad. Beam shutters and a pair of 0.3 mm thick beryllium windows are also placed in the storage ring tunnel.
The schematic of the beamline optics is shown in Fig. 1 . The main optical components are a Si(311) double crystal monochromator (Kohzu Precision, KMA-39) and a Pt-coated bent cylindrical mirror. The first crystal rotates about the rotation axis of the goniometer, whereas the second crystal rotates and translates so as to keep a fixed exit beam position and direction by using a cam system 1 Both the crystals and a copper plate are indirectly water-cooled by temperature controlled circulating water in order to prevent the thermal expansion of the crystals and mechanics by the direct beam and the Compton scattering from the first crystal. Special care was taken to maintain the parallelism between the two crystals during the energy scan; the observed angular error was 2.5 arcsec between 5 and 35°.
A focusing mirror is placed at 20.5 m from the source and focuses the beam at 32.8 m. Platinum is chosen as the coating material in order to realize higher irradiation angle and higher reflectivity at 40 keV. The irradiation angle was chosen as 1.9 mrad since the critical energy was calculated to be 44 keV under this condition. In order to realize the focusing condition, the sagittal radius was chosen as 29.2 mm and the tangential one as 8092 m. This mirror with dimensions 80 mm(w)× 70 mm(t)×1000 mm(L) was manufactured by SESO from silicon. The material and the thickness of the mirror were chosen to minimize the deformation of the mirror by the gravity. The achieved roughness was 0.3 nm RMS and tangential and sagittal slope errors were 5 and 10 μrad RMS, respectively. The calculated reflectivity shows that the variation of reflectivity at platinum L-edges is not so significant, thus it can be used in this energy range.
OPTICAL PERFORMANCE
The focus size is evaluated by scanning a 0.02 mm wide slit vertically and 0.04 mm slit horizontally. The F.W.H.M. width is 2.2 mm × 0.5 mm, which coincides with the ray tracing result. The rather large focus size is due to rather large electron beam size, 1.766 mm × 0.130 mm (σ) in the 285 nm-rad PF-AR.
Photon flux was evaluated by using an ionization chamber and is compared with that at BL-10B. The entrance slit size was chosen as 1mm square for the focused beam and 5 mm × 1 mm for non-focused beam. The gain of flux is significant above 20 keV: 20 times at 20 keV, 70 times at 25.5 keV and 200 times at 30 keV.
When the mirror was aligned at the 1.9 mrad irradiation angle, which is the design value, the flux decreased above 40 keV as if it were the critical energy of the mirror setting. Thus the irradiation angle was changed to 1.85 mrad in order to increase the flux above 40 keV. Figure 2 shows the flux under this condition. The flux gain by focusing still decreases at higher energies. The reason of the lower than expected critical energy is not yet clear, but the lower density of the coated platinum layer is suspected.
The purity of the monochromatic X-rays is a key point in getting reliable XAFS spectra. The ratio of the third order reflection is evaluated from the attenuation plot by inserting aluminum absorbers of the proper thickness. The result is shown in Fig. 3 . The ratio of the third order is low enough above 15 keV when the double crystals are properly detuned. However, it is higher than 10 -4 below 12 keV, thus special care is required such as the selection of a lighter gas for ionization chambers or by installing a mirror for higher order reduction etc. Now we are planning to install a parallel, double mirror system that Figure 4 shows the raw XAFS spectrum and the extracted EXAFS wiggles for CeO 2 . EXAFS wiggles can be clearly observed up to k=180 nm -1 , which indicates the high-energy capability of NW10A. 
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